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Abstract 

An  image  based  comparison  of  modeled  infrared  cameras  in  the  medium-wave  (MW)  and  longwave  (LW) 
bands  is  done  using  the  TARDEC  Thermal  Image  Model  (TTIM)  and  LOWTRAN7.  A  state-of-the-art 
staring  focal  plane  array  (FPA),  a  common  module  scanning  FLIR,  and  a  scanning  dual-band  sensor  are 
modeled.  The  simulations  using  TTIM  demonstrate  the  imaging  performance  of  the  cameras  as  well  as 
the  degradation  caused  by  the  atmosphere  in  the  two  bands.  Atmospheric  degradation  to  the  image  is 
simulated  in  rain  and  fog  in  northern  hemisphere  environments. 

1.  Introduction 

For  a  particular  scenario,  the  question  often  arises,  what  is  the  optimum  waveband  for  remote  infrared 
(IR)  detection  by  a  sensor?  This  question  is  important  to  the  Army  for  the  simulation  of  thermal  target 
signatures  and  the  effects  of  signature  suppression  on  acquisition  ranges  of  infrared  sensors.  Many  studies 
1-4  have  been  done  to  access  the  relative  performance  of  3-5  micron  and  8-12  micron  systems.  Previous 
studies  often  produced  conflicting  results.  Variables  that  effect  the  actual  and  simulated  performance  of 
the  imaging  sensor  are:  the  size  of  the  target,  path  length  through  the  atmosphere,  the  atmospheric 
transmission  model  used,  and  the  detector  system  technology.  As  is  to  be  expected,  many  of  these 
parameters  change  with  time  due  to  advances  in  both  the  sensor  materials  and  architecture  as  well  as  the 
model  fidelity.  Most  of  the  previous  studies  have  used  some  version  of  LOWTRAN  to  model  the 
atmospheric  effects  on  the  image.  Since  the  early  studies  by  Tauer '  with  LOWTRAN3,  the  LOWTRAN 
code  has  been  enhanced  to  calculate  atmospheric  radiance  in  the  presence  of  altitude  and  humidity 
dependent  aerosols,  water  vapor  continuum  absorption  models  have  been  added,  and  aerosol  back 
scattering  included.  Recently,  LOWTRAN7  has  been  incorporated  into  MODTRAN.  MODTRAN  is  a 
upgraded  version  of  LOWTRAN  that  has  a  resolution  of  one  micron  to  20  microns,  whereas  the  highest 
resolution  LOWTRAN  can  obtain  is  five  microns.  MODTRAN  was  used  by  the  authors  to  verify  the  case 
studies  that  were  analyzed  by  TTIM  and  LOWTRAN. 

Previous  studies  have  gauged  system  performance  on  the  SNR  vs.  range  or  the  detectivity  (D*)  vs. 
wavelength.  The  contribution  the  authors  make  to  the  literature  on  this  topic  is  a  image  for  the  several 
comparison  case  studies.  The  computer  model  used  for  this  study  is  the  TACOM  Thermal  Image  Model 
(TTIM) 1  TTIM  historically  is  an  extension  of  the  NVL  Model  by  Ratches. 8  TTIM  can  model  the 
sensor  degradation  to  an  image  in  any  of  tire  IR  bands.  See  Figure  1  for  a  schematic  of  the  scanning  and 
focal  plane  array  (FPA)  sensor  modeling  methodologies.  The  scene  radiance  map  is  adjusted  for 
atmospheric  and  battlefield  effects  (TTIM  calls  LOWTRAN7  for  the  calculation  of  transmittance,  path 
radiance,  and  the  extinction  coefficient),  then  the  received  power  map  is  converted  into  the  frequency 
domain  by  a  Fast  Fourier  Transform  (FFT).  Next,  atmospheric  and  system  optical  MTF’s  are  convolved 
and  the  then  the  inverse  FFT  taken  to  produce  a  sensor  signal  output  map  which  is  then  converted  to  an 
output  image. 
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Throughout  this  study,  the  authors  were  impressed  by  the  scarcity  of  field  data  in  adverse  weather 
conditions  for  calibration  and  model  verification.  This  just  points  to  the  need  for  such  models  as 
LOWTRAN,  TTIM,  etc.  for  reliable  simulation  purposes. 

2.  Simulation  Methodology 

In  this  paper,  several  parameters  were  used  to  access  the  performance  of  sensors  in  the  two  IR  bands. 
First,  a  comparative  bandpass  study  was  performed  using  a  simulated  AGEMA  dual-band  imager  in 
conjunction  with  actual  AGEMA  dual-band  field  data.  The  purpose  of  this  part  was  to  get  an  idea  of, 
everything  else  being  equal,  what  is  the  best  IR  band  (MW  or  LW)  for  remote  sensing.  The  parameters 
that  were  varied  were  the  target-to-sensor  range,  rain  rate,  and  fog.  Second,  a  traditional  8-12  micron 
scanning  common  module  AN/TAS-4A  (TOWII)  FLIR  sensor  is  compared  to  a  late  model  3. 4-5. 5  micron 
Sarnoff  staring  FPA  sensor  for  a  resolution  comparison.  Using  the  KRC  field-data  of  the  Bradley  taken 
with  the  Agema,  TTIM  was  used  to  resample  and  simulate  the  image  of  the  TOW1I  and  staring  FPA. 
These  field  images  include  both  2.0-5.6  and  8-12  micron  IR  images  from  an  AGEMA  900.  The  dual¬ 
band  images  were  all  taken  at  close  range  (<  1km)  so  long  distance  comparisons  cannot  be  made.  The 
scene  containing  the  Bradley  is  ranged  out  to  a  few  kilometers  (km)  to  show  the  effects  of  range  and  the 
atmosphere  on  the  image  target  All  the  simulations  of  the  sensor  effects  were  done  using  the  TARDEC 
Thermal  Image  Model  (TTIM)  which  calls  LOWTRAN7  for  the  modeling  of  atmospheric  effects.  The 
TTIM  ,  LOWTRAN  and  MODTRAN  calculaions  were  all  done  on  a  Silicon  Graphics  workstation. 

2.1  Description  of  Modeled  Sensors 

The  following  sensors  were  modeled  in  this  study;  a  AN/TAS-4A  8-12  micron  scanning  array,  an 
AGEMA  2.0  to  5.6  and  8-12  dual  band  scanning  sensor,  and  a  RCA  Sarnoff  3.4  -5.5  staring  focal  plane 
array  (FPA).  The  parameters  for  these  sensors  were  found  from  specification  sheets  provided  by  the 
manufacturer  and  in  the  validation  of  TTIM  paper  by  Engel 9. 

2.2  (3.4S.5)  Micron  Staring  FPA 

The  characteristics  of  the  Sarnoff  3.4  -5.5  FPA  are  listed  below  in  Tablel.  The  Sarnoff  staring  FPA  is 
a  late  model  FPA. 


DAVID  SARNOFF  RESEARCH  CENTER  640  x  640  PtSi  FPA 


Bandwidth 

3.4  -  5.5  [on 

Detector  material 

Platinum  Silicide 

IFOV  (H,V) 

0.48  mRad,  0.48  mRad 

FOV  (H,V) 

390  mRad,  390  mRad 

Detector  area 

2.2X10-6  cm2 

Pixel  Size 

24  x  24  microns 

Focal  length 

500  mmeters 

m 

1.5 

Channel  type 

Buried  channel 

Charge  transfer  efficiency 

0.998 

Frame  rate 

30  Hz 

Fill  factor 

38% 

Table  1 
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2.3  (8-12)  Micron  AN/TAS-4A 

The  TOW  II  scanning  sensor  is  the  common  module  FLER.  This  is  still  the  most  fielded  of  ail  FLIR  s. 
The  properties  of  the  TOW  II  are  shown  in  Table  2  below. 


THE  AN/TAS-4A  WFOV  SCANNING  IR  SENSOR 


Bandwidth 

7.15  -  12.2  microns 

LaiiAiMMBBI 

0.4, 0.6  mRad 

■  1  L'KVflvffHHB 

Detector  area 

EESE8SSHK3MI 

cut-on,cut-off  frequency 

111  M  hMETSIM 

1 BKOHH 

1.00 

Oversampling 

■JRllUniatwaWLl.lll.LM 

1.2 

Frame  rate 

30  Hz 

Table  2 


2.4  AGEMA  900  DUAL  BAND 

The  AGEMA  dual  band  specifications  are  shown  below  in  Table  3.  the  initial  input  images  were  taken 
with  this  camera. 


specification 

mediumwave 

longwave 

Bandpass 

VD 

«r> 

• 

q 

<N 

8  -  12 

IFOV(H,V) 

0.22  mRad 

0.19  mRad 

FOV(H,V) 

44  x  22  mRad 

44  x  22  mRad 

cut-on,  cut-off  frequency 

0,5.1xl06(DC) 

3,5.1x106(DC) 

Detector  type 

InSb 

HgCdTe 

No.  of  Detectors 

1 

1 

Scan  Type 

Two  dimensional 

Two  dimensional 

Interlace 

1:4 

1:4 

Table  3 


3.  Comparison  of  MW  and  LW  Cameras 
3.1  Coupling  and  Sampling  Considerations 

The  AN/TAS-4A  is  typical  of  first  generation  thermal  imaging  systems  in  that  the  signal  processing  is 
done  by  a  series  of  AC  coupled  amplifiers.  Second  generation  systems,  such  as  the  Samoff  staring  FPA 
usually  use  some  form  of  DC  restoration.  910  One  problem  with  TOWII  imagery  is  the  characteristic 
stripe  across  the  image.  Artifacts  can  be  caused  by;  1)  scanning  and  interlace  errors,  2)  a  gap  between 
successive  scan  lines  and  3)  detector  variations  in  the  60X1  linear  array.  The  stripe  is  caused  by  the 
third,  detector  responsivity  variations.  TTIM  simulates  variations  of  the  detectors  within  such  an  array  by 
using  a  random  detector  sensitivity,  or  gain,  with  the  variance  specified  by  a  user  input  parameter.  In  all 
the  following  images,  the  simulated  views  were  enlarged  to  a  standard  size  for  better  viewing.  With  the 
enlargement  comes  a  certain  amount  of  pixelation  as  the  range  from  the  target  to  the  camera  increases. 
Ordinarily  the  image  becomes  smaller  as  range  increases. 
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The  authors  enlarged  the  image  through  replication  to  show  MTF  and  sampling  losses.  In  addition,  for 
display  purposes,  the  images  were  autoscaled  for  all  cases.  The  authors  found  that  if  manual  scaling  from 
the  shortest  range  on  out  was  used  the  images  become  “washed  out”  at  less  than  1km. 


3.2.  Bandpass  Comparison  (AGEMA  Dual-Band) 

For  the  case  of  the  AGEMA  dual-band  comparison  refer  to  Figures  3a  through  3d.  In  the  case  of  a 
clear  atmosphere,  fig.  3a,  the  MW  band  is  the  clear  winner.  The  contrast  of  the  background  is  better  and 
the  overall  target  and  image  clarity  of  the  MW  band  is  better  than  the  LW  band.  Under  a  heavy  fog, 
figure  3b  ,  the  LW  band  is  now  producing  a  better  image.  The  vehicle  and  background  are  barely  visible 
in  the  MW  band.  Even  the  separate  road  wheels  are  visible  at  a  distance  of  0.4  km  using  the  LW  band. 
Figure  3c  shows  the  same  set  of  ranges  under  moderate  and,  in  fig  3d,  heavy  rain  conditions.  In  all  image 
simulations  the  contrast  was  autoscaled,  hence,  the  target  appears  to  get  brighter  as  range  increases.  If  the 
images  were  manually  scaled  at  each  range,  rather  than  autoscaled,  the  images  were  too  dark  to  be  of 
much  use.  For  ranges  less  than  0.3  km  the  MW  image  shows  better  contrast,  however,  the  MW  band 
image  quality  decays  quickly  with  range  in  the  presence  of  rain.  The  plots  in  Figure  4  are  the 
MODTRAN  spectral  plots  of  the  transmittance  versus  wavelength.  The  average  transmittance  is  less  in 
the  3-5  band  than  in  the  8-12  band.  MODTRAN  results  are  shown  below  in  Table  5. 


3.3  Resolution  Comparison  (TOW  II  and  Sarnoff  FPA) 

For  the  resolution  comparison  the  TOW  II  was  compared  with  the  Sarnoff  staring  FPA,  see  figures  2a 
through  2d.  In  figure  2a,  are  the  simulations  of  the  two  cameras  under  clear  atmosphere  conditions,  (23 
km  visibility).  The  Sarnoff  FPA  image  has  a  better  background  contrast  and  also  better  internal  textural 
and  target  feature  resolution  compared  to  the  TOW  II  image  out  to  a  distance  of  about  1  km.  The  TOW  II 
image  is  plagued  by  the  strip  artifact  caused  by  the  scanning/interlace  errors  and  detector  variations.  The 
TOW  II  image  is  also  less  resolved  (more  blurry).  Figure  2b  shows  the  TTIM  simulations  under  foggy 
conditions.  Even  at  short  range,  in  a  foggy  atmosphere,  the  TOW  II  image  is  slightly  better  than  the 
Sarnoff  FPA.  As  the  range  increases,  the  FPA  image  quickly  degrades.  After  two  hundred  meters,  the 
TOW  II  images  are  better  even  though  they  are  more  blurry  and  less  background  contrast  and  have  the 
fixed  pattern  stripe.  On  figures  2c  and  2d,  the  Sarnoff  FPA  and  TOW  II  scanning  array  are  compared  in 
rainy  conditions.  Out  to  around  .6  km  the  performance  of  the  Sarnoff  is  still  better  than  the  TOW  II. 
Beyond  0.6  km,  the  LW  band  image  is  better. 

MODTRAN  CALCULATIONS 

The  plots  in  Figure  4  are  the  MODTRAN  spectral  plots  of  the  transmittance  versus  wavelength.  The 
average  transmittance  in  the  8-12  band  is  almost  twice  that  in  the  2.0-5. 6  band.  Water  and  carbon  dioxide 
have  pronounced  absorption  lines  in  the  2.0-5.6  band.  MODTRAN  results  are  shown  below  in  Table  5. 


Wavelength  (microns) 

Condition: 

Range  (km) 

ave  transmittance 

2-5.6 

clear 

2 

0.5220 

2-5.6 

heavy  rain 

2 

0.0137 

8-12 

clear 

2 

0.8606 

8-12 

heavy  rain 

2 

0.0229 

Table  5 

4.  Conclusions 

For  general  purpose,  all-weather  viewing  conditions,  the  LW  band  was  again  shown  to  be  the  best 
band  in  terms  of  least  degradation  to  the  image  quality  by  atmospheric  water  and  carbon-dioxide 
absorption.  What  was  interesting  was  how  well  late  model  staring  FPA  s  can  do  out  to  a  certain  range 
and  in  the  presence  of  rain.  The  Sarnoff  staring  array  (MW  FPA)  had  a  better  resolution  than  the  TOWII 
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or  Agema  in  every  case  except  fog  for  ranges  under  1.5  km.  The  MW  band  has  large  absorption  peaks 
due  water  and  carbon  dioxide  which  will  always  cause  problems  for  detection  ranges.  On  the  other  hand, 
for  clear  atmospheres  and  short  ranges,  the  preference  may  be  in  using  a  late  model  scanning  or  staring 
FPA  because  of  their  excellant  resolution  and  contrast  capability.  The  utility  of  a  suite  of  models  such  as 
TTIM  was  also  shown.  Taking  field  data  is  expensive  and  having  the  capability  to  resample  data  taken 
with  other  cameras  or  systems  for  further  simulation  is  very  useful. 

5.  Future  Study 

Recently  the  authors  have  begun  work  on  a  Cooperative  Research  and  Development  Agreement 
(CRADA)  with  FORD  Motor  Co.  to  investigate  the  automotive  vision  enhancement  capabilities  of  thermal 
systems.  The  goal  of  the  CRADA  is  to  model  several  existing  and  novel  sensor  architectures  as  well  as  IR 
bands  for  possible  use  in  future  automotive  applications.  Of  particular  interest  is  to  compare  the  near-IR 
(SW)  bands  with  the  MW  and  LW. 
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